Potential of a new sperm quality test, "In vitro sperm-egg interaction assay", for evaluating the fertilizing ability of spermatozoa from individual drakes was examined.
Artificial insemination (AI) is an excellent tool for promoting the efficiency of duck breeding1, 8). To maximize the efficiency of AI, screening of males is very important.
However, estimation of fertilizing ability of individual male is not an easy work. Fertility test by AI, which has been the most reliable test, requires a lot of females and labor, and is timeconsuming. Although some in vitro tests, including measurement of sperm motility15), ATP content15), dye reduction4) and dye exclusion2) are proven to describe the fertilizing capacity of spermatozoa in chickens and turkeys, these tests involve complicated process and special instruments.
Recent in vitro studies on the interaction between avian spermatozoa and the perivitelline layer revealed that the inner periviteline layer (IPVL) of freshly ovulated ova 3, 5) and follicular ova7, 12) have sperm re-ceptor activity. Robertson 
Animals
The drakes and ducks used in this study were of Osaka strain (small sized Pekin originating from the Osaka district of Japan) aged 34 weeks. All birds were caged individually and fed ad libitum.
Semen collection and treatment Six drakes were used as semen donors. Semen was collected individually from the 6 males weekly for 4 consecutive weeks by artificial vagina method14). Semen samples were diluted with Beltsville Poultry Semen Extender, which has a pH of 6.511), and the 109/ml. Diluted semen samples were subjected to the in vitro S-E assay, sperm motility, viability and fertility tests.
In vitro sperm-egg interaction assay The in vitro S-E assay was conducted as described prebiously6). In brief, the IPVL separated from the yolk of a single unfertilized egg was cut into small semen sample, 2 IPVL fragments were used, and the numbers of holes hydrolyzed on the 2 fragments (per 1.0mm2) by spermatozoa were averaged. Sperm motility test Sperm motility was assessed as described previously6) and was expressed as sperm motility index (SMI). Assessment was duplicated for each semen sample.
Sperm viability test
Sperm viability was assessed by dual staining method, using LIVE/DEADR Sperm Viability Kit (Molecular Probes, Inc. OR USA). An aliquot of semen sample was further diluted and the sperm consolution containing 0.2ng SYBR-14 (stains viable cells green) and 0.11ng propidium iodide (stains nonviable cells red) was added to 0.05ml rediluted semen. 
Fertility test
Artificial insemination was carried out within 45 min after semen collection. Seven females (34 weeks old) were randomly assigned per semen sample and each bird was inseminated once with 0.05ml semen Eggs without clear viable embryos were opened to assess fertility macroscopically.
Sperm fertility was expressed as the proportion of fertile eggs to the total number of eggs incubated.
Statistical Analyses
Differences in the mean values of sperm fertility, the number of IPVL holes, sperm motility and viability among the males were tested by ANOVA, followed by Fisher's protected least significant difference post-hoc analysis. The relationships of sperm fertility to IPVL holes, sperm motility and sperm viability were evaluated by covariance analysis. All analyses were done using the Stat ViewR computer program (Abacus Concepts, Inc., Berkeley, CA, USA). Figure 1 summarizes the results of fertility test (A), the in vitro S-E assay (B), motility (C) and viability test (D), for the spermatozoa collected individually from 6 drakes. Sperm fertility for male 3 and 6 were higher than those for male 1, 2 and 4 (P<0.01).
Results
Sperm fertility for male 2 was lower than those for others (P<0.01).
The results of the in vitro S-E assay were similar to those of fertility test. The numbers of IPVL holes for male 3 and 6 were higher than those for others (P<0.01), and the values for male 2 were the lowest. Also in sperm motility and viability, the values for male 2 were lower than those for others (P<0.01).
However, among the remaining 5 males, no difference was seen in these parameters. Figure 2 shows the relationship of sperm fertility to the number of holes hydrolyzed on the IPVL formed in vitro (A), motility (B) and viability (C) . The number of IPVL holes were logarithmically correlated with sperm fertility (r=0.90, P<0 .001). On the other hand, sperm motility and viability were linearly correlated with the sperm fertility, respectively (r= 0.85 and 0.72, P<0.05).
Discussion
The present results demonstrate the discerning capacity of the in vitro S-E assay for evaluating the fertilizing ability of spermatozoa from individual drakes. As previously reported in chickens10), the spematozoal ability to hydrolyze the IPVL in vitro varied widely with individual drakes. In addition, the number of holes hydrolyzed on the IPVL was highly correlated with sperm fertility tested by AI.
On the other hand, sperm motility was also positively correlated with fertility of eggs laid by inseminated females. This agreed with the previous report15). However, the difference in sperm motility between individual drakes was very small, except for the values of one drake that were significantly lower than those for others. Thus, according to sperm motility index, the 6 males tested were classified as only 2 ranks, whereas the in vitro S-E assay classified them as 4 ranks according to the number of holes hydrolyzed on the IPVL. The same was true also for sperm viability test. These results suggest that the in vitro S-E assay detects the difference in the fertilizing ability of spermatozoa between individual drakes more sensitively than sperm motility or viability test does.
For the selection of breeder males, ability of the candidates to produce offsprings must be evaluated by fertility test, which involves a lot of labor, time and hens for AI trials. The in vitro S-E assay would be useful for the preliminary screening of the candidates that would reduce the number of males subjected to expensive fertility test. The advantage of the present assay is that the results are completely free from the influence of females. The results of fertility tests by AI are greatly influenced by females' receptivity to spermatozoa12).
Thus, to minimize females' effect, replicated trials with a large number of hens are required. By contrast, the present assay can test semen samples under constant conditions, since many IPVL fragments can be prepared from a single egg. In addition, this assay can be replicated very easily, because one operator can accomplish the whole process within an hour, without using special instruments or expensive reagents.
In conclusion, the present study indicates that the in vitro S-E assay describes the difference in the fertilizing ability of spermatozoa from individual drakes more clearly than conventional in vitro sperm tests do.
The application of this easy assay would greatly contribute to the efficient selection of breeder drakes. 
